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Calculation of density of states (DOS):
For the calculation of the density of states, a method published in the literature was utilized. S1 Basically, Transient Photovoltage (TPV) and Transient Photocurrent (TPC) curves were recorded under varying bias light conditions. While collecting the data for different light bias levels, it was regularly checked that the change due to the laser pulse is less than 10 % of the total response to prevent the secondary recombination mechanisms. Then, TPV data was fitted with a single exponential decay function as given below:
Similarly, TPC data was also fitted with a single exponential decay function:
Afterwards, the differential charge is calculated at different Voc levels. This value is then divided by the differential voltage to obtain the differential capacitance:
Then, DOS is calculated by dividing the differential capacitance to the product of elementary charge and device volume:
where A and d are the area and the thickness of the device, respectively.
Absorption of hot-injection and RT-AgBiS 2 NCs: Figure S1 . Tauc plots of Schlenk-line (Orange: oleic acid) and room-temperature (Brown: noctylamine) AgBiS 2 nanocrystals. Although in the high energy portion of the spectrum both curves overlap, they show slight difference in the tail region. Room-temperature nanocrystals have a sharper decrease compared to Schlenk-line nanocrystals towards longer wavelength.
S4
Reaction mechanism under ambient conditions: Figure S2 . FTIR examination of precursors and reaction byproducts. (a) FTIR response of the metal iodide precursors spun coated from n-octylamine (Black: n-octylamine, brown: AgI, red: BiI 3 , orange: AgI-BiI 3 mixture and yellow: AgI-BiI 3 mixture after annealing), (b) FTIR analysis of the reaction byproducts (Brown), of iodine-amine complex (Red) and of n-octylammonium iodide (Orange) showing the resemblance of the FTIR spectrum of the reaction byproducts to those of iodine/n-octylamine CT and n-octylammonium iodide salt (Curves are plotted with offset for ease of viewing.).
To gain insight into the nature of the reaction, we first probed the interaction of cation precursors with amines. showed that AgI does not cause any significant deviation in the FTIR spectrum of n-octylamine, indicating that AgI does not interact with n-octylamine strongly. BiI 3 causes a small shift of the S5 N-H peak probably due to a stronger interaction of BiI 3 with the nitrogen of the n-octylamine molecule (from 3331 cm -1 for only n-octylamine to 3319 cm -1 for 0.4 M BiI 3 ). This redshift of N-H peak is very similar to the observations reported previously on PbS-butylamine S2 and MAPbI 3 ·DMSO S3 systems. Although BiI 3 interacts with n-octylamine, this interaction force can be easily overcome by slight heating of the film. After heat treatment, no signal from noctylamine is detected, indicating the complete removal of the organics from the film. To verify our proposed reaction path, the supernatant obtained during the purification of nanocrystals was used to examine the reaction byproducts. The obtained supernatant was directly spun coated on to clean silicon wafers and annealed at 90 ºC. After heat treatment, free n-octylamine evaporated and left behind a solid residue on the substrate. The absence of a strong N-H peak around 3300 cm -1 for this residue indicates that this compound was formed by the interaction of nitrogen of the n-octylamine with the precursors or with the byproducts of the reaction ( Figure S2b ). However, from Figure S2a it is clear that AgI -BiI 3 -amine interaction can be easily ruptured by a mild heat treatment, liberating free amines. Hence, the disappearance of the N-H peak cannot be attributed to the interaction of amines with the metal iodides. To investigate this mechanism further, an iodine-amine solution was prepared under ambient conditions and spun coated on silicon wafer. The difference in the FTIR spectra before and after heat treatment indicated the formation of a stable iodine-amine interaction, which is demonstrated by the formation of a shoulder around 3050 cm -1 and disappearance of the N-H peak around 3330 cm -1 . The resemblance of the spectrum of the iodine-amine complex to the spectrum of the supernatant suggests that iodine-amine complex is a byproduct of this reaction.
Here, it should also be noted that iodine-amine complexes are prone to transformation into alkylammonium iodide salts as a result of external disturbances, such as the presence of a slight amount of moisture, S4 and that alkylammonium iodide salts give an infrared response similar with that of iodine-amine complexes ( Figure S2b ). Given that the solvents were used without drying and that all the synthesis, purification and sample preparation steps were carried out in S6 air, it is highly probable that the iodine-amine complex present in the supernatant was transformed into alkylammonium iodide salt during the course of the reaction. 
SEM investigation of AgBiS
Calculation of the carrier density in AgBiS 2 layer:
To calculate the carrier density within AgBiS 2 layer, we utilized Mott-Schottky plot. Using the formula for heterojunctions: 
